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The single charmed excited Ξc(2930) state was discovered many years ago by BABAR collabora-
tion and recently confirmed by Belle experiment. However, both of these experiments, unfortunately,
could not fix the quantum numbers of this particle and its nature is under debates. In the present
study, we calculate its mass and width of its dominant decay to ΛcK. To this end we consider
Ξc(2930) state once as angularly excited and then radially excited single charmed baryon in Ξc
channel. Comparison of the obtained results with the experimental data suggests assignment of
Ξc(2930) state as the angular excitation of the ground state Ξc baryon with quantum numbers
JP = 1
2
−
.
I. INTRODUCTION
With impressive developments of experimental tech-
niques many new conventional and exotic states have
been discovered [1]. These discoveries have opened a new
direction in hadron physics. Indeed, the heavy baryon
spectroscopy receives special attention as heavy baryons
represent a very suitable place for testing the ground of
heavy quark symmetry and provide us with deep under-
standing of the details of the strong interaction.
While many new excited charmed baryons are discov-
ered in different experiments and many theoretical works
are devoted to establishing their quantum numbers, still
their nature is not evident, and many open questions re-
main on their internal structure and quark organization.
For instance, there have been made many suggestions on
the structures of the newly observed five narrow reso-
nances Ωc(3000),Ωc(3050),Ωc(3066),Ωc(3090),Ωc(3119)
by LHCb Collaboration in the Ξ+c K
− invariant mass
spectrum [2]: some authors have treated them as usual
three-quark resonances [3–7], while some others have in-
terpreted them as new penta-quark states [8, 9]. At
present, there is unfortunately no any phenomenologi-
cal model, which can successfully describe the properties
of such complicated systems [10, 11]. For this, more ex-
perimental and theoretical attempts are needed to un-
derstand dynamics of these new systems.
Some new excited states at Ξc, Σc and Λc chan-
nels have also been discovered that are of great impor-
tance and deserve investigations with the aim of clar-
ification of their nature and internal structure. The
observation of the charmed-strange baryon Ξc(2930),
which is the subject of the present study, has a long
history in the experiment. This state was firstly ob-
served by BABAR Collaboration in 2008 with mass
m = [2931 ± 3(stat.) ± 5(syst.)] MeV/c2 and width
of Γ = [36 ± 7(stat.) ± 11(syst.)] MeV as an interme-
diate resonance in the decay B− → Λ+c Λ¯−c K− [12]. Note
that the Belle Collaboration had before measured the
branching ratios of the decays B+ → Λ+c Λ−c K+ and
B0 → Λ+c Λ−c K0 in 2006 [13] but could not find any
intermediate charmed resonances. After observation of
Ξc(2930) by BABAR, the state Ξc(2930) was investigated
in the framework of different theoretical models like con-
stituent quark model [14, 15], chiral quark model [16],
QCD sum rules [17], etc.
Very recently, Belle Collaboration performed an up-
dated measurement on B− → K−Λ+c Λ¯−c decay and ob-
served the Ξc(2930) state in the K
−Λ+c invariant mass
with a significance of 5.1σ [18]. The measured mass and
width is:
m = [2928.9± 3.0(stat.)+0.8
−12.0(syst.)]MeV/c
2
Γ = [19.5± 8.4(stat.)+5.4
−7.9(syst.)]MeV, (1)
respectively. However, both of the experiments could
not, unfortunately, fix the quantum numbers of Ξc(2930)
state. This automatically suggests more experimental
and theoretical efforts on the properties of this resonance.
We aim to calculate some parameters of Ξc(2930) state
in the present study to clarify its nature and fix its quan-
tum numbers. To this end, we assume it once as an-
gularly excited negative parity (Ξ˜c) and the second as
radially excited positive parity (Ξ′c) spin-1/2 baryon at
Ξc channel. In quark model’s notations these states are
represented by 12P1/2 and 2
2S1/2, respectively. For cus-
tomary, in next discussions, we will denote these states
as JP = 1/2− and JP = 1/2+, respectively. We eval-
uate the widths of the strong decays Ξ˜c → ΛcK and
Ξ′c → ΛcK. For this, firstly we compute the mass and
residue of the ground state, first angularly and radially
excited Ξc baryons as well as the couplings of the strong
Ξ˜cΛcK and Ξ
′
cΛcK vertices allowing us to find the re-
quired decay widths. For calculation of the masses and
residues we employ QCD two-point sum rule, whereas in
the case of the strong couplings we apply the technique
of QCD light-cone sum rule (LCSR). Note that using a
3P0 model the authors in [19, 20] have concluded that the
resonance Ξc(2930) may be P-wave, D-wave or 2S-wave
excitation of the ground state Ξc baryon with different
2quantum numbers, JP = 12
±
, 32
±
or 52
−
by analyses of
different excitations of charmed strange baryons. In or-
der to distinguish among these possibilities, they have
suggested measurements of some ratios of the branching
fractions associated to some possible decay modes of the
Ξc(2930) state.
The article is organized in the following way. In sec-
tion II, the mass sum rules for Ξc baryons including its
first angular and radial excitations are calculated, and
the values of the masses and residues are found. Section
III is devoted to the calculation of the strong coupling
constants defining the Ξ˜cΛcK and Ξ
′
cΛcK vertices. We
estimate the widths of the decay channels under consid-
eration and compare the results obtained on the masses
and widths with the experimental data with the aim of
fixing the quantum numbers of the Ξc(2930) resonance.
The last section is reserved for summary and concluding
remarks.
II. MASSES AND POLE RESIDUES OF THE
FIRST ANGULARLY AND RADIALLY EXCITED
Ξc STATES
As we noted, the Ξc(2930) has been seen as a peak
in the Λ+c K
− invariant mass distribution. But unfortu-
nately, its quantum numbers have not established yet.
In present work, we consider two possible scenarios for
it: a) The Ξc(2930) is considered as the radial excitation
of the ground state Ξc(2467). In other words it carries
the same quantum numbers as Ξc(2467), i.e. J
P = 12
+
.
b) The Ξc(2930) is treated as the first angular excita-
tion of the Ξc(2467), that is negative parity baryon with
JP = 12
−
. Note that, in the following, we will consider
in more details the second scenario. The results for the
first scenario will be obtained by some replacements that
will be mentioned later. Here we should also note that in
[21] the P-wave heavy baryon masses are calculated with
QCD sum rules in the framework of the heavy quark ef-
fective theory.
In order to calculate the mass and residue of Ξc baryon,
we start with the following two point correlation function:
Π(q) = i
∫
d4xeiq·x〈0|T
{
ηΞc(x)η¯Ξc (0)
}
|0〉, (2)
where ηΞc(x) is the interpolating current for Ξc state with
spin-parity JP = 12
+
and T indicates the time ordering
operator. The general form of the interpolating current
for the heavy spin- 12 , Ξc baryon belonging to antitriplet
representations of SU(3) can be written as:
ηΞc =
ǫabc√
6
{
2
(
qaT1 Cq
b
2
)
γ5c
c + 2β
(
qaT1 Cγ5q
b
2
)
cc
+
(
qaT1 Cc
b
)
γ5q
c
2 + β
(
qaT1 Cγ5c
b
)
qc2
+
(
caTCqb2
)
γ5q
c
1 + β
(
caTCγ5q
b
2
)
qc1
}
, (3)
where a, , b, c are the color indices, C is the charge con-
jugation operator and β is an arbitrary parameter with
β = −1 corresponding to the Ioffe current. q1 and q2 are
u(d) and s quarks for Ξ+c (Ξ
0
c) baryon, respectively. Here
some details about the above current are in order. Ac-
cording to the quark model, Ξc belongs to the antitriplet
representation of the SU(3), i.e. the current describing
this state should be antisymmetric with respect to the
exchange of the light quarks’ fields. The interpolating
current must also be a color singlet. Therefore, its gen-
eral form satisfying both these conditions can be written
as
ηΞc ∼ ǫabc
{(
qaT1 CΓq
b
2
)
Γ˜cc +
(
qaT1 CΓc
b
)
Γ˜qc2
−
(
qaT2 CΓc
b
)
Γ˜qc1
}
, (4)
where Γ, Γ˜ = 1, γ5, γµ, γ5γµ or σµν . We need to de-
termine Γ and Γ˜. To this end let us first consider the
transpose of the term ǫabc(qaT1 CΓq
b
2):
[ǫabcqaT1 CΓq
b
2]
T = ǫabcqbT2 C(CΓC
−1)qa1 , (5)
where CΓC−1 is equal to Γ for Γ = 1, γ5 or γ5γµ and it
is equal to −Γ for Γ = γµ or σµν . The transpose of a one
by one matrix should be equal to itself, i.e.
ǫabcqaT1 CΓq
b
2 = −ǫabcqaT2 CΓqb1, (6)
for Γ = 1, γ5 or γ5γµ. In result, indeed ǫ
abcqaT1 CΓq
b
2 is
antisymmetric for the q1 ↔ q2 replacement if Γ = 1, γ5
or γ5γµ.
The simplest way is to take the Ξc(2930) to have the
same total spin and spin projection as the charm quark.
Thus the spin of the diquark formed by light quarks is
zero. This implies Γ = 1 or γ5. Therefore, the two pos-
sible forms of the interpolating current can be written
as:
η1 = ǫ
abc
(
qaT1 Cq
b
2
)
Γ˜1c
c
η2 = ǫ
abc
(
qaT1 Cγ5q
b
2
)
Γ˜2c
c. (7)
The forms of Γ˜1 and Γ˜2 are determined through the
Lorentz and parity considerations. Since η1 and η2 are
Lorentz scalars, one must have Γ˜1, Γ˜2 = 1 or γ5. The
parity transformation leads to the result that Γ˜1 = γ5
and Γ˜2 = 1. Therefore the two possible forms of the
interpolating current are
η1 = ǫ
abc
(
qaT1 Cq
b
2
)
γ5c
c
η2 = ǫ
abc
(
qaT1 Cγ5q
b
2
)
cc. (8)
Obviously their arbitrary linear combination can better
represent the baryon under consideration, i.e.
η ∼ ǫabc
[(
qaT1 Cq
b
2
)
γ5c
c + β
(
qaT1 Cγ5q
b
2
)
cc
]
, (9)
3where we introduced the general parameter β to obtain
the most general form of η. Performing similar analy-
ses for the second and third terms in Eq. (4) and with
the combinations presented in Eq. (3) we get the most
general form of the interpolating current for Ξc(2930).
To derive the mass sum rules for the Ξc(2930) baryon
we calculate the correlation function using two languages:
hadronic, in terms of the masses and residues called the
physical side and QCD, in terms of the fundamental QCD
degrees of freedom called the QCD or theoretical side. By
equating these two representations, one can get the QCD
sum rules for the physical quantities of the baryons un-
der consideration. The physical side of the correlation
function is obtained by inserting the complete sets of in-
termediate states with both parities:
ΠPhys(q) =
〈0|ηΞc |Ξc(q, s)〉〈Ξc(q, s)|ηΞc〉
m2 − q2
+
〈0|ηΞc |Ξ˜c(q, s˜)〉〈Ξ˜c(q, s˜)|ηΞc〉
m˜2 − q2
+ . . . , (10)
where m, m˜ and s, s˜ are the masses and spins of the
ground and first angularly excited Ξc baryons, respec-
tively. The dots denote contributions of higher reso-
nances and continuum states. In Eq. (10) the summa-
tions over the spins s are s˜ are implied.
The matrix elements in Eq. (10) are determined as
〈0|ηΞc |Ξc(q, s)〉 = λu(q, s),
〈0|ηΞc |Ξ˜c(q, s˜)〉 = λ˜γ5u−(q, s˜). (11)
Here λ and λ˜ are the residues of the ground and first
angularly excited Ξc baryons, respectively. Using Eqs.
(10) and (11) and carrying out summations over the spins
of corresponding baryons, we obtain
ΠPhys(q) =
λ2(/q +m)
m2 − q2 +
λ˜2(/q − m˜)
m˜2 − q2 + . . . . (12)
Performing Borel transformation of this expression we
have
BΠPhys(q) = λ2e−m
2
M2 (/q +m)
+ λ˜2e−
m˜
2
M2 (/q − m˜). (13)
The QCD side of the aforementioned correlation func-
tion is calculated in terms of the QCD degrees of freedom
in deep Euclidean region. After inserting the explicit
form of the interpolating current given by Eq. (3) into
the correlation function in Eq. (2) and performing con-
tractions via the Wick’s theorem, we get the QCD side in
terms of the light and heavy quarks propagators. By us-
ing light and heavy quark propagators in the coordinate
space and performing the Fourier and Borel transforma-
tions, as well as applying the continuum subtraction, af-
ter lengthy calculations for the correlation function we
obtain
BΠQCD(q) = BΠQCD1 /q + BΠQCD2 I. (14)
Parameters Values
mc (1.28 ± 0.03) GeV [1]
ms 96
+8
−4 MeV [1]
mΞc(2467) (2467.87 ± 0.30) MeV [1]
〈q¯q〉 (−0.24± 0.01)3 GeV3
〈s¯s〉 0.8 · (−0.24± 0.01)3 GeV3
〈qgsσGq〉 m
2
0〈q¯q〉
〈sgsσGs〉 m
2
0〈s¯s〉
m20 (0.8± 0.1) GeV
2
〈αsG
2
pi
〉 (0.012 ± 0.004) GeV4
TABLE I: Some input parameters used in the calculations.
The expressions for BΠQCD1 and BΠQCD2 are presented in
Appendix.
Having calculated both the hadronic and QCD sides
of the correlation function, we match the coefficients of
the structures /q and I from these two sides and obtain
the following sum rules, which are used to extract the
masses and residues of the ground and first angularly
excited states:
λ2e−
m
2
M2 + λ˜2e−
m˜
2
M2 = BΠQCD1 ,
λ2me−
m
2
M2 − λ˜2m˜e− m˜
2
M2 = BΠQCD2 . (15)
Using two equations given in Eq. (15) it is easy to show
that
m˜2 =
BΠ˜QCD2 −mBΠ˜QCD1
BΠQCD2 −mBΠQCD1
,
λ˜2 =
mBΠQCD1 − BΠQCD2
m+ m˜
e
m˜
2
M2 ,
λ2 =
m˜BΠQCD1 + BΠQCD2
m+ m˜
e
m
2
M2 , (16)
where BΠ˜QCD1(2) =
dBΠQCD
1(2)
d(− 1
M2
)
.
For obtaining the expressions for the mass and residue
for radially excitation state it is enough to make replace-
ment m˜ → −m′ and redefine the residue λ˜ as λ′ in ex-
pressions of Eq. (16).
To perform analysis of the sum rules for the masses and residues of the angularly and radially excited state
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FIG. 1: The mass of the Ξ˜c baryon as a function of the Borel parameter M
2 at chosen values of s0 (left panel), and as a
function of the continuum threshold s0 at fixed M
2 (right panel) with β = −0.75.
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FIG. 2: The residue of the Ξc baryon as a function of the Borel parameter M
2 at chosen values of s0 (left panel), and as a
function of the continuum threshold s0 at fixed M
2 (right panel) with β = −0.75.
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FIG. 3: The same as in Fig. 2, but for the angularly excited Ξ˜c baryon.
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FIG. 4: The same as in Fig. 2, but for the radially excited Ξ′c baryon.
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FIG. 5: The mass of the Ξ˜c baryon as a function of the cos θ at central values of the s0 and M
2 (left panel). The residue of
the Ξ˜c baryon as a function of cos θ at central values of the s0 and M
2 (right panel).
mass of the ground state Ξc is also taken as an input pa-
rameter. Besides the input parameters, QCD sum rules
contains three auxiliary parameters namely the contin-
uum threshold s0, Borel parameter M
2 and an arbitrary
mixing parameter β. The working windows of these pa-
rameters are determined by demanding that the physical
quantities under consideration are roughly independent
of these parameters. To assess the working interval of the
Borel parameter M2 one needs to consider two criteria:
convergence of the series of operator product expansion
(OPE) and adequate suppression of the higher states and
continuum. Consideration of these criteria in the analysis
leads to the following working interval of M2:
3 GeV2 ≤M2 ≤ 5 GeV2. (17)
To determine the working region of the continuum
threshold, we impose the conditions of the pole domi-
nance and OPE convergence. This leads to the interval
3.12 GeV2 ≤ s0 ≤ 3.32 GeV2. (18)
In order to explore the sensitivity of the obtained re-
sults on the Borel parameter M2 and continuum thresh-
old s0, as examples, in Figs. 1-4 we depict the mass of
the Ξ˜c baryon and residues of the ground state Ξc, Ξ˜c
and Ξ′c baryons as functions of these parameters at fixed
value of β = −0.75. From these figures, we see weak
dependence of the quantities under consideration on M2
and s0, satisfying the requirements of the method used.
To find the working region of β = tan θ, as examples,
in Fig. 5 we present the dependence of the Ξ˜c’s mass and
residue on cos θ at average values of M2 and s0. From
this figure we see that the results show relatively weak
dependence on the variations of cos θ when it varies in
the regions
− 1 ≤ cos θ ≤ −0.5, 0.5 ≤ cos θ ≤ 1. (19)
6Ξc Ξ˜c Ξ
′
c
m (MeV) 2922± 83 2922 ± 83
λ (GeV3) 0.036 ± 0.005 0.040 ± 0.009 0.137 ± 0.032
TABLE II: The sum rule results for the masses and residues
of the first angularly and radially excited Ξc baryon as well as
residue of the ground state. Note that the masses of the an-
gularly and radially excited states are obtained to be exactly
the same.
The errors coming from the variations of the results with
respect to the variations of the auxiliary parameters re-
main within the limits allowed by the method used and
they are included in final results.
We depict the numerical results of the masses and
residues of the first angularly and radially excited Ξc
baryons as well as the residue of the ground state parti-
cle obtained using the above-presented working intervals
for the auxiliary parameters in table II. Note that we get
the same mass for the first angularly and radially excited
Ξc baryons. The errors in the presented results are due
to the uncertainties in the determination of the working
regions for the auxiliary parameters as well as the errors
of other input parameters. The values presented in table
II will be used as inputs in next section.
III. Ξ˜c AND Ξ
′
c TRANSITIONS TO ΛcK
In this section we calculate the strong coupling con-
stants gΞ˜cΛcK and gΞ′cΛcK , which are necessary to calcu-
late widths of the decays Ξ˜c → ΛcK and Ξ′c → ΛcK. For
this aim we introduce the correlation function
T (p, q) = i
∫
d4xeipx〈K(q)|T {JΛc(x)J¯Ξc(0)}|0〉, (20)
where JΛc(x) is the interpolating current for the Λc
baryon which can be obtained from Eq. (3) with q1 = u
and q2 = d.
Firstly let consider the Ξ˜c → ΛcK transition. Be-
fore calculations we note that the interpolating current
for Λc interact with both positive and negative parity
Λc baryons. Taking into consideration this fact, insert-
ing complete sets of hadrons with the same quantum
numbers as the interpolating currents and isolating the
ground states, we obtain
TPhys(p, q) =
〈0|JΛc |Λ+c (p, s)〉
p2 −m2
Λ+c
〈K(q)Λ+c (p, s)|Ξc(p′, s′)〉
× 〈Ξc(p
′, s′)|J¯Ξc |0〉
p′2 −m2Ξc
+
〈0|JΛc |Λ−c (p, s)〉
p2 −m2
Λ−c
〈K(q)Λ−c (p, s)|Ξ˜c(p′, s′)〉
× 〈Ξ˜c(p
′, s′)|J¯Ξ˜c |0〉
p′2 −m2
Ξ˜c
+
〈0|JΛc |Λ+c (p, s)〉
p2 −m2
Λ+c
〈K(q)Λ+c (p, s)|Ξ˜c(p′, s′)〉
× 〈Ξ˜c(p
′, s′)|J¯Ξ˜c |0〉
p′2 −m2
Ξ˜c
+
〈0|JΛc |Λ−c (p, s)〉
p2 −m2
Λ−c
〈K(q)Λ−c (p, s)|Ξc(p′, s′)〉
× 〈Ξc(p
′, s′)|J¯Ξc |0〉
p′2 −m2Ξc
+ . . . , (21)
where p′ = p + q, p and q are the momenta of the Ξc,
Λc baryons and K meson, respectively. Λ
+
c and Λ
−
c are
the positive and negative parity baryons in spin-1/2 Λc
channel. In this expression mΛc is the mass of the Λc
baryon. The dots in Eq. (21) stand for contributions of
the higher resonances and continuum states.
The matrix elements in Eq. (21) are parameterized as
〈0|JΛ+c |Λ+c (p, s)〉 = λΛ+c u(p, s),
〈0|JΛ−c |Λ−c (p, s)〉 = λΛ−c γ5u(p, s),
〈K(q)Λ+c (p, s)|Ξc(p′, s′)〉 = gΞcΛ+c Ku(p, s)γ5u(p′, s′),
〈K(q)Λ+c (p, s)|Ξ˜c(p′, s′)〉 = gΞ˜cΛ+c Ku(p, s)u(p
′, s′),
〈K(q)Λ−c (p, s)|Ξc(p′, s′)〉 = gΞcΛ−c Ku(p, s)u(p′, s′),
〈K(q)Λ−c (p, s)|Ξ˜c(p′, s′)〉 = gΞ˜cΛ−c Ku(p, s)γ5u(p
′, s′).
(22)
where gi are the strong coupling constants for corre-
sponding transitions.
Using the matrix elements given in Eq.(22) and per-
forming summations over spins of Λc and Ξc baryons and
applying the double Borel transformations with respect
p2 and p′2, for the physical side of the correlation func-
7tion, we get
BTPhys(p, q) = gΞcΛ+c KλΞcλΛ+c e−m
2
Ξc
/M21 e
−m2
Λ
+
c
/M22
×
(
/p+mΛ+c
)
γ5
(
/p+ /q +mΞc
)
−gΞ˜cΛ−c KλΞ˜cλΛ−c e
−m2
Ξ˜c
/M21 e
−m2
Λ
−
c
/M22
×γ5
(
/p+mΛ−c
)
γ5
(
/p+ /q +mΞ˜c
)
γ5
−gΞ˜cΛ+c KλΞ˜cλΛ+c e
−m2
Ξ˜c
/M21 e
−m2
Λ
+
c
/M22
×
(
/p+mΛ−c
)(
/p+ /q +mΞ˜c
)
γ5
+gΞcΛ−c KλΞcλΛ−c e
−m2Ξc/M
2
1 e
−m2
Λ
−
c
/M22
×γ5
(
/p+mΛ−c
) (
/p+ /q +mΞc
)
, (23)
where M21 and M
2
2 are the Borel parameters.
From Eq. (23) follows that we have different structures
which can be used to derive the sum rules for the strong
coupling constants for Ξ˜c → Λ+c K channel. We have
four couplings (see Eq.21), and in order to determine the
coupling gΞ˜′
c
ΛcK
we need four equations. Therefore we
select the structures /q/pγ5, /pγ5, /qγ5 and γ5. Solving four
algebraic equations for gΞ˜′
c
Λ+K , we obtain
gΞ˜cΛ+c K =
e
m
2
Ξ˜c
M2
1 e
m
2
Λ
+
c
M2
2
λΞ˜cλΛ+c (mΛ+c +mΛ−c )(mΞc +mΞ˜c)
×
[
TQCD1
(
m2K +mΛ−c mΞc −mΞcmΞ˜c
)
+ TQCD2
(
mΞ˜c −mΛ−c −mΞc
)
+ TQCD3
(
mΛ−c −mΞ˜c
)
− TQCD4
]
, (24)
where TQCD1 , T
QCD
2 , T
QCD
3 and T
QCD
4 are the invariant
amplitudes corresponding to the structures /q/pγ5, /pγ5, /qγ5
and γ5, respectively.
The general expressions obtained above contain two
Borel parametersM21 and M
2
2 . In our analysis we choose
M21 = M
2
2 = 2M
2, M2 =
M21M
2
2
M21 +M
2
2
, (25)
which is traditionally justified by the fact that masses
of the involved heavy baryons Ξc and Λc are close to
each other. The sum rules corresponding to the coupling
constant defining the Ξ′c → Λ+c K transition can be easily
obtained from Eq.(24), by replacing mΞ˜c → −mΞ′c and
λΞ˜c → λΞ′c .
The QCD side of the correlation function for
ΠQCD(p, q) can be obtained by contracting out the quark
fields using Wick’s theorem and inserting into the ob-
tained expression the relevant quark propagators. For ob-
taining nonperturbative contributions in light cone QCD
sum rules, which are described in terms of the K-meson
distribution amplitudes, one can use the Fierz rearrange-
ment formula
saαu
b
β =
1
4
Γiβα(s
aΓiub),
where Γi = 1, γ5, γµ, iγ5γµ, σµν/
√
2 is the full set of
Dirac matrices. Sandwiched between the K-meson and
vacuum states, these terms as well as the ones generated
by insertion of the gluon field strength tensor Gλρ(uv)
from quark propagators, give these distribution ampli-
tudes (DAs) of various quark-gluon contents in terms of
wave functions with definite twists. The DAs are main
nonperturbative inputs of light cone QCD sum rules. For
K-meson they are derived in [22–24], which will be used
in our numerical analysis. All these steps summarized
above result in a lengthy expression for the QCD side
of correlation function. In order not to overwhelm the
study with overlong mathematical expressions, we prefer
not to present them here. Apart from parameters in the
distribution amplitudes, the sum rules for the couplings
depend also on numerical values of the Λ+c baryon’s mass
and pole residue. In numerical calculations we utilize
mΛc = 2286.46± 0.14 MeV, λΛc = 0.038± 0.009 GeV3,
(26)
where the value for the residue λΛc has been extracted
from the corresponding mass sum rules in the present
study and we use the mass of Λc state from PDG [1].
The working regions of the Borel mass M2, threshold s0
and β parameters for calculations of the relevant strong
couplings are chosen the same as the mass sum rules anal-
yses.
Using the couplings gΞ˜cΛ+c K and gΞ′cΛ
+
c K
we can eas-
ily calculate the width of Ξ˜c → Λ+c K and Ξ′c → Λ+c K
decays. After some computations we obtain:
Γ
(
Ξ˜c → Λ+c K
)
=
g2
Ξ˜cΛ
+
c K
16πm3
Ξ˜c
[
(mΞ˜c +mΛ+c )
2 −m2K
]
×λ1/2(m2
Ξ˜c
,m2
Λ+c
,m2K), (27)
and
Γ
(
Ξ′c → Λ+c K
)
=
g2
Ξ′Λ+c K
16πm3Ξ′
c
[
(mΞ′
c
−mΛ+c )2 −m2K
]
×λ1/2(m2Ξ′
c
,m2
Λ+c
,m2K), (28)
In expressions above the function λ(x2, y2, z2) is given
as:
λ(x2, y2, z2) = x4 + y4 + z4 − 2x2y2 − 2x2z2 − 2y2z2.
Numerical values obtained from our analyses for cou-
pling constants and decay widths are presented in ta-
ble III. The obtained central value for the decay width
of the Ξ˜c → Λ+c K case is in nice consistency with
8g Γ(MeV)
Ξ˜c → Λ
+
c K 0.66 ± 0.11 19.4 ± 3.3
Ξ′c → Λ
+
c K 7.15 ± 2.21 13.6 ± 2.3
TABLE III: The sum rule results for the strong coupling con-
stants and decay widths of the first angularly and radially
excited Ξc baryon.
the central value of the experimental data, [19.5 ±
8.4(stat.)+5.4
−7.9] MeV [18]. In order to make a definite con-
clusion about the nature of Ξc(2930) state, more new and
refined experimental data with small errors are needed.
IV. SUMMARY AND CONCLUDING
REMARKS
We performed a QCD sum rule based analysis on
the mass and width of the Ξc(2930) considering it
as first angularly/ radially excited charmed-strange
baryon in Ξc channel. We obtained the same mass for
both the angularly and radially excited states, and in
excellent agreement with the experimental value by
Belle Collaboration, preventing us to assign any of these
possibilities for the structure of this state. In next step,
we considered the dominant decay of Ξc(2930) to ΛcK
in both scenarios. The obtained central value for the
width is nicely consistent with the central value of the
experimental data of BELLE Collaboration, when we
consider Ξc(2930) state as the angular excitation of the
ground state charmed-strange baryon. This suggests
the assignment of a spin-parity JP = 12
−
for this state.
However, to make a final decision about the nature of
Ξc(2930) state more new and refined data with small
statistical and systematical errors are needed.
In Ref. [17] and some other studies the orbitally ex-
cited single charmed baryons are classified into the ρ and
λ modes according to the quark model. When we com-
pare our results and assignment on Ξc(2930) state with
the results presented, for instance, in Ref. [17], we ob-
serve that the Ξc(2930) state is close to the λ mode.
Appendix: The QCD side of the correlation
function
In this appendix we present the explicit expressions
of the functions BΠQCD1 (q) and BΠQCD2 (q) used in mass
sum rules:
BΠQCD1 (q) =
∫ s0
m2
c
e−
s
M2
1
26π2s2
{
(5β2 + 2β + 5)
32π2
(
8m6cs−m8c − 8m2cs3 + s4 + 12m4cs2 log
[
s
m2c
])
− (〈s¯s〉+ 〈d¯d〉)
× mc(m
2
c − s)2
3
(5β2 − 4β − 1) + 〈g
2
sGG〉
48π2
[
3sm2c(1 + β)
2 − 8m4c(1 + β + β2) + s2(5 + 2β + 5β2)
]
+
m20
(〈s¯s〉+ 〈d¯d〉)
12
mc(β − 1)
[
m2c(11β + 7)− 6s(β + 1)
]− 〈g2sGG〉 (〈s¯s〉+ 〈d¯d〉)
6
mc(β
2 − 1)
}
+ e−
m
2
c
M2
{
〈s¯s〉〈d¯d〉
72
(
11β2 + 2β − 13)+ 〈g2sGG〉 (〈s¯s〉+ 〈d¯d〉)
864π2mc
(
β2 + β − 2)− 〈g2sGG〉2
221184π4M2
× (13β2 + 10β + 13)− m20〈s¯s〉〈d¯d〉
288M4
(β − 1) [m2c(26 + 22β) +M2(25 + 23β)]− 〈g2sGG〉m20 (〈s¯s〉+ 〈d¯d〉)55296π2mcM4
× (β − 1) [m2c(11β + 31)− 2M2(5β + 1)]− 〈g2sGG〉〈s¯s〉〈d¯d〉5184M6 m2c (11β2 + 2β − 13)+ 〈g2sGG〉m20〈s¯s〉〈d¯d〉10368M10
× m2c(m2c − 2M2)
(
11β2 + 2β − 13) }, (A.1)
9BΠQCD2 (q) =
∫ s0
m2
c
e−
s
M2
1
3 · 26π2s
{
mc
(
11β2 + 2β − 13)
23π2
[
s3 + 9m2cs
2 − 9m4cs−m6c − 6m2cs
(
s+m2c
)
log[
s
m2c
]
]
− (〈s¯s〉+ 〈d¯d〉}) (5β2 − 4β − 1)(m2c − s)2 + 〈g2sGG〉(β − 1)3 · 24π2mc [(s−m2c) (s(11β + 13) +m2c(67β + 53))
− 3m2cs(13β + 11) log[
s
m2c
]
]
+
m20
(〈s¯s〉+ 〈d¯d〉)
22
(β − 1) (6s(β + 1)−m2c(β + 5))
}
+ e−
m
2
c
M2
{
1
24
〈s¯s〉〈d¯d〉mc(5β2 + 2β + 5) +
〈g2sGG〉
(〈s¯s〉+ 〈d¯d〉)
33 · 27π2 (β
2 − 8β + 7)− 〈g
2
sGG〉2
33 · 213π4M2mc
× (m2c − 2M2)(13β2 − 2β − 11) +
m20〈s¯s〉〈d¯d〉mc
32 · 24M4
[
M2(β − 1)2 − 3m2c(5β2 + 2β + 5)
]
+
〈g2sGG〉m20(〈s¯s〉+ 〈d¯d〉)m2c
33 · 211π2M4 (β
2 + 28β − 29)− 〈g
2
sGG〉〈s¯s〉〈d¯d〉mc
33 · 26M6 (m
2
c − 3M2)(5β2 + 2β + 5)
+
〈g2sGG〉m20〈s¯s〉〈d¯d〉mc
33 · 27M10
(
m4c − 6m2cM2 + 6M4
)
(5β2 + 2β + 5)
}
. (A.2)
In calculations we set mu = md = 0 but ms 6= 0. To shorten the above expressions, the terms proportional to
ms have not been presented, but their contributions have been taken into account when performing the numerical
analysis.
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